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Simplified method of grading primary carcinomas

of the breast

D M Parham, N Hagen, R A Brown

Abstract

Aims: To produce a simplified prognostic
index for breast cancer.

Methods: A retrospective study of 105
cases of primary infiltrating breast adeno-
carcinoma (not otherwise specified) was
performed. Mitotic counts and semiquan-
titative assessment of tumour necrosis,
fibrosis tubule formation, nuclear pleo-
morphism were made in histological sec-
tions of the primary tumour. Statistical
analysis was performed to determine
which of these parameters best predicts
the observed survival.

Results: Mitotic count and necrosis corre-
lated best with survival. This allowed the
formation of a simple prognostic index
based on these two parameters.
Conclusions: This new prognostic index,
with four tumour grades, seemed to be
superior to Bloom’s grading method, with
greater separation of the prognostic
groups. In particular, there is clear segre-
gation of a group of patients with a
distinctly poor prognosis.

One of the most challenging problems in
breast cancer is determining the likely prog-
nosis of a patient’s survival. Although a pro-
portion (25%) of primary breast tumours,
termed special types,' have easily recognisable
histological features and are associated with a
good prognosis, most (75%) have no distin-
guishing features and are termed infiltrating
ductal carcinomas (not otherwise specified). In
this latter group tumours with apparently
similar histological features have wildly differ-
ent survival times ranging from a few months
to many decades. This makes it difficult to
predict prognosis.

The degree of tumour differentiation is an
important prognostic factor. Von Hansemann
is credited with initiating many of the grading
systems used to assess malignant neoplasms.”
Greenough® applied this to breast cancer,
developing three histological grades of malig-
nancy based on tubule formation, secretory
activity of the cells, the overall size of the cells
and nuclei, variation in the size of both the cells
and nuclei, nuclear hyperchromatism, and
mitotic counts.” Patey and Scarff followed
Greenough’s method but gave chief impor-
tance to tubule formation, variation in nuclear
size and shape, and nuclear hyperchromatism.*
In 1957 Bloom and Richardson revitalised the
grading of breast cancer, making it more
acceptable by introducing a numerical scoring

system based on three features: tubule forma-
tion, nuclear pleomorphism and the frequency
of nuclear hyperchromatism, and mitotic fig-
ures.” In recent years Elston has refined the
definition and method of assessing the para-
meters which constitute Bloom’s grading
method and this is currently the most widely
used method of grading breast tumours.’

We have recently shown that extensive
tumour necrosis is an indicator of poor out-
come,’ confirming the not widely appreciated
findings of both Fisher et al® and Dixon ez al.’
In this study we objectively evaluated the
potential of using tumour necrosis or fibrosis as
prognostic factors, with the aim of developing
a simpler prognostic method of grading prim-
ary tumours. As part of the study we also
statistically evaluated the relative contribution
to survival of each of the three components
(tubule formation, nuclear pleomorphism, and
mitotic count) used in Bloom’s method of
grading.

Methods

This study is based on data from 105 women
with primary infiltrating ductal adenocarcin-
oma (not otherwise specified) of the breast,
diagnosed in 1980 and 1981 and registered
with Tayside Cancer Registry. All currently
recognised special types of breast cancer were
excluded.'® Follow up for the purposes of this
study stopped in December 1990. Information
regarding menstrual status was generally not
available. If fine needle aspiration biopsy had
been performed this was recorded. The mean
patient age was 59 years (median 59 years,
range 30-94 years). Surgical treatment con-
sisted of simple mastectomy and radiotherapy
(84 cases), or wedge resection and radio-
therapy (21 cases). At the end of the follow up
period 57 patients had died and the survival
time in each case was recorded.

The original haematoxylin and eosin stained
sections were retrieved from the files and
examined by standard light microscopy with-
out knowledge of the patients’ details. The
tumours were assessed on a double headed
microscope by two observers—one pathologist
with a special interest in breast disease (DMP),
the other a trainee pathologist (NH). Where
variance between the observers occurred on a
particular feature, a consensus decision was
reached by discussion.

A detailed description of the features used to
assess Bloom’s grade has been described by
Elston.* ° Briefly, the following aspects of the
primary tumour were graded on a three point
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scale: tubule formation, mitotic count, and
nuclear size or pleomorphism. Mitotic counts
were performed at the growing edge of the
tumour at X 400 (field diameter 0-45 mm)
and only structures which could not be mis-
interpretated as anything but mitotic figures
were counted. For each tumour a score
between 3 and 9 would be obtained. Tumours
scoring 3 to 5 formed Bloom’s grade 1 (well
differentiated), 6-7 formed Bloom’s grade 2
(moderately differentiated), and 8-9 Bloom’s
grade 3 (poorly differentiated).

Tumour fibrosis and necrosis were each
assessed on a four point scale: 0 = none
present, | = necrosis or fibrosis occupying up
to 1 a low power field (maximum diameter less
than 2:28 mm), 2 = 1 to one low power field
(2:28-4-57 mm), 3 = greater than one low
power field (maximum diameter greater than
4-57mm). When multiple areas of necrosis or
fibrosis were present only the largest focus was
assessed. The minimal positive evidence of
necrosis was a cluster of four necrotic cells
exhibiting either apoptosis with cell fragments
comprising pyknotic chromatin and eosino-
philic cytoplasm, or coagulative necrosis where
the cell outline is maintained but with altered
cytoplasmic staining and nuclear pyknosis,
kaaryolysis, or karyohexis.

Cox’s regression analysis,'® which uses a
proportional hazards model, was performed on
an IBM compatible personnel computer using
CSS software (Statsoft, USA). Briefly, the
hazard at any time is the risk of dying at that
time and Cox’s regression analysis is a numer-
ical method of relating hazard to the values of
factors which are assumed to be of prognostic
value. This is done by constructing a multiple
linear relation between the natural logarithm of
the hazard and the factors of interest. The
coefficients (fs) in the linear relation quantify
the effect of the corresponding factors; a
positive value for a coefficient indicates that an
increase in the value of the corresponding
factor results in an increased hazard and the
larger the coefficient is, the greater the effect of
a given increase in the value of that factor.
Conversely, a negative coefficient would indi-
cate a factor for which an increase in value
would result in a decrease in hazard.

The CSS software also produces the stand-
ard errors of the coefficients and the corres-
sponding ¢ values, which are the coefficient
values divided by their standard errors. In
interpreting the results of the analysis we have
used the recognised convention that a coeffi-
cient is regarded as significant at the 5% level if
the corresponding ¢ value is greater than
1-96.

Results

Analysis of the data showed that there were 23
Bloom’s grade 1 tumours, 48 grade 2, and 34
grade 3. The survival curves for each of these
groups of tumours is shown in fig 1A. The
results of Cox regression of all the variables
studied are shown in table 1. This shows that of
the three components of Bloom’s grading,
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Figure 1 Survival curves for Bloom’s grade (A) and the
new prognostic grades (B).

mitotic count contributes most to the predic-
tion of survival.

Two variables (table 1) were selected as
having an important influence on survival:
mitotic count and necrosis. The other variables
have no major influence on prognosis. No
correlation was found between necrosis and a
history of fine needle aspiration biopsy (results
not shown). Re-evaluation of mitosis and
necrosis alone by Cox’s analysis permits refine-
ment of the coefficient with the following
values for mitoses and necrosis respectively;
0:379 (¢ value 2-378) and 0-610 (¢ value
4-957). These coefficients can be used to form
a prognostic index:

Prognostic index =
(0-38 x Mitosis) + (0-61 x Necrosis)

The index quantifies the relation beween the
hazard and the mitotic score and degree of
necrosis because the natural logarithm of the
hazard at any time is proportional to:

0-38 x mitosis + 0-61 x necrosis

Recalling that hazard is the probability of dying
at any specified time, we see that the hazard at
any time is proportional to:

0-38 x mitosis x 0-61 x necrosis

€

The implication of this may be made clearer by
considering the change in hazard which results
from an increase by one point in the score for
mitosis or necrosis. The effect of an increase of
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Table 1 f and t values obtained by Cox’s analysis for
each of the variables assessed in 105 breast tumours

Standard
Variable B error t value
Tubule formation 0-142 0-225 0-633
Nuclear —-0-006 0-272 —0-022
pleomorphism
Mitotic count 0-353 0-178 1-976
Necrosis 0604 0-126 4-807
Fibrosis 0-028 0-144 0-193

a score of 1 in mitosis is €*>® °* '*°, This implies
that at any particular time a patient with a
mitosis score of 2 is 1-46 times more likely to
die shortly thereafter compared with a patient
with a tumour mitosis score of 1, provided that
their necrosis scores are the same. A similar
calculation for a change of one point in
necrosis implies that a patient is 1-84 (e°°')
times more likely to die as a patient with a
tumour with no necrosis, provided that their
mitoses scores are the same. As the hazards are
proportional a patient with a mitosis score of 3
is 1-46 x 1-46 = 2-13 times as likely to die
shortly after as a patient with a tumour mitosis
score of 1. Similarly, a patient with a tumour
mitosis score of 2 and a necrosis score of 1 is
1-46 x 1-84 = 2-69 times as likely to die in a
short interval thereafter as a patient with a
mitosis score of 1 point and necrosis score of 0
points. The complete set of possibilities and the
way they correspond to increase the risk of
death relative to a patient with a tumour
mitosis of score 1 and a necrosis score of 0 is
summarised in table 2.

For each tumour one of 12 possible com-
bined scores was obtained by combining one of
three values for mitosis and one of four values
for necrosis (table 3). For each prognostic
index score a computer generated survival
curve was obtained. Empirical evaluation of
each of these survival curves suggested allocat-
ing the scores into one of four groups
(grades):

Prognostic index grade 1 PIG 1 (39 cases)
tumours scoring 0-38, PIG 2 (34

Table 2  Estimated proportionate change in hazard for all
combinations of mitotic counts and degrees of necrosis
compared with a tumour mitosis 1 and necrosis 0

Necrosis
Mitrosis 0 1 2 3
1 1-00 1-84 3-39 6-23
2 1-46 2-69 4-95 9-08
3 213 3-93 7-23 13-26
Table 3 12 possible combined scores ob d from the

prognostic index by combining one of three values for
mitosis and one of four values for necrosis

Necrosis
Murosis 0 1 2 3
1 0-38 0-99 1-60 2:21
2 0-76 1-37 1-98 2-59
3 1-14 1-75 2-36 297
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cases) = 0-76-1-14, PIG 3 (19 cases) = 1:37-
2-36, PIG 4 (13 cases) = 2:59-2-97. The
survival curves for the patients in each of these
PIGs is shown in fig 1B.

Comparison of the new prognostic index
and Bloom’s method (fig 1) shows good
separation of each of the tumour grades with
the new grading system. The new prognostic
index also identifies a group of patients with a
distinctly poor prognosis. The five year sur-
vivals for each of the new PI grades is 78%,
65%, 48%, 0% (grades 1-4, respectively). In
contrast, the five year survival rates for
Bloom’s grades 1-3 are 82%, 60%, 40%,
respectively. The pie diagram (fig 2) illustrates
what proportion of patients fall into each
prognostic group for each of the methods.

Discussion

The aim of this study was to determine the
prognostic importance of different features
examined in histological sections of primary
infiltrating breast carcinomas (not otherwise
specified) and to ascertain their relative con-
tribution to survival. This has permitted the
formation of a simple prognostic index based
on only two tumour features (necrosis and
mitotic count).

In this new grading system patients are
separated into four distinct groups—prog-
nostic index grade PIG 1 (excellent prognosis);
PIG 2 (good prognosis); PIG 3 (fair prog-
nosis); PIG 4 (poor prognosis). In PIG 1 the
five year survival is 78% and this is comparable

A

Grade 2
48

B Grade 1

Grade 4
13

Grade 3
19

Figure 2 Pie chart showing proportion of cases in each
grade (A) Bloom’s grading, (B) the new prognostic
index. Numbers represent actual number of cases

(total = 105).
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with that found in Bloom’s grade 1 where
survival is 82%. In this new prognostic index
patients with a poor outlook, unlike those with
Bloom’s grading method, are clearly separated.
All patients in PIG 4 died after three years in
contrast to patients with Bloom’s grade 3
tumours where the five year survival was 40%.
One of the criticisms of Bloom’s method is the
fact that most patients fall into grade 2 and
only a small proportion are identified as being
in a good or poor prognostic group. This new
method also separates patients with an inter-
mediate outcome into those which can be
considered a good prognosis and those with a
fair prognosis.

The importance of mitosis counting in
tumours is well recognised'’ and the associa-
tion between mitotic activity and breast cancer
survival'”>'> or recurrence'>'* is well docu-
mented. Indeed, mitotic counts form the basis
of Bloom’s grading method.” In this study
statistical analysis of the three components
(tubule formation, nuclear pleomorphism, and
mitotic count) forming Bloom’s grading,
shows that mitotic count is the most significant
parameter contributing to this index. This is
consistent with the findings of Russo ez al.’?
Although the ¢ value for tubule formation and
nuclear pleomorphism is < 1-96, this does not
necessarily mean that these factors have no
effect on prognosis, but that the impact on
prognosis is too small to be detected at the 5%
significance level with the number of patients
studied. The results do nevertheless suggest
that if Bloom’s method continues to be used,
weighting of the individual components
according to their coefficient based on a larger
number of cases would increase the prognostic
accuracy.

Although Bloom’s method of grading is
widely used, it is not universally accepted. This
is caused in part by the difficulty in defining
the degree of nuclear pleomorphism and
tubule formation and inherent problems of
reproducibility. The features span a continuous
spectrum, and the exact points on the scale
(mild, moderate, or good) are difficult to
delineate. This new prognostic index avoids
this problem. The problems encountered when
counting mitoses have recently been
reviewed.'” In this study only structures that
can not be confused with other features, such
as apoptotic bodies, are counted and the
results obtained show a good correlation with
prognosis.

Assessment of necrosis was performed on a
four point scale. Scattered single apoptotic
bodies were not considered evidence of necro-
sis. The minimum accepted was a cluster of
four necrotic cells showing the features of
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either apoptosis or coagulative necrosis. Come-
do type necrosis affecting cells within mam-
mary ducts was ignored. No correlation was
observed between histological grade and
tumour necrosis (results not shown) and this is
consistent with our previous findings.”

Fine needle aspiration biopsy is a potential
cause of necrosis but we found that this was
not a problem. When present it is easily
recognised as a tract of loose vascular con-
nective tissue containing plump fibroblasts.
Evidence of haemorrhage (either free red cells
or haemosiderin) is wusually also present.
Assessment of tumour fibrosis did not contri-
bute any prognostic information.

As the choice of treatment modalities for
breast cancer increase this new prognostic
index should permit realistic stratification of
patients and thus the most appropriate treat-
ment. The use of only two variables may make
this grading system more acceptable. Fur-
thermore, the combination of this new prog-
nostic index with tumour stage may allow even
greater prognostic accuracy. A prospective
study using this new prognostic index and to
assess the reproducibility of this method is
currently in progress.
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